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(57) Abstract 

A method for amplification of a nucleic acid strand in a test sample. The method includes contacting the nucleic acid strand from 
the test sample simultaneously with at least three oligonucleotide primers. At least one primer is a promoter-primer, and at least one other 
primer is complementary to the nucleic acid strand, and one other primer is complementary to a strand complementary to the nucleic acid 
strand The method further includes contacting the nucleic acid strand and primers with one or more proteins having RNA-directed and/or 
DNA-directed DNA polymerase activities, an RNA polymerase activity, and an RNAse H activity under primer^extension conditions to 
allow amplification of a target region in the nucleic acid strand at essentially constant temperature. 
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DESCRIPTION 

Methods for Enhancing Nucleic Acid Amplification 

This invention, relates to amplification of nucleic 
acid strands using a DNA polymerase and an RNA polymerase 
at essentially constant temperature. 

Background of the Invention 
5 The ability to detect specific nucleic acid sequences 

has afforded many practical benefits in areas such as 
genetic research, clinical diagnostic testing, forensic 
sciences, archaeology, etc. In many cases, the sequence 
of interest might be present at a level much too low to 
10 detect directly, even using probes with very high 
specific activity labels. In recent years, strategies 
have been devised for efficiently generating new copies of 
target sequences, including very powerful exponential 
amplification methods, which make it easier to accurately 
15 detect the presence of very low target levels. 

One such method is the polymerase chain reaction 
(Mullis et al., U.S. Patent 4,683,202) in which a reaction 
mix of primers, substrates, DNA polymerase and analyte 
nucleic acid is subjected to n cycles of heating to a 
20 temperature sufficient for denaturing double -stranded 
nucleic acids and cooling to a temperature at which primer 
annealing and extension can occur. This reaction is well 
understood to have a maximum amplification factor of 2 n 
since each strand of a target sequence can be copied into 
25 (at most) one new complementary strand during each cycle. 

The performance of target -specific amplification has 
been augmented by performing two or more successive 
amplification reactions in which the target region defined 
by the primers used in the subsequent rounds is contained 
3 0 within the target amplicon generated by primers used in 
the previous round. Even if the amplification of a 
desired target is inefficient in the first round because 
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of co-ampli ficat:ion of non . target sequences 

amplicons that- 4 es ' the target 

t* v.ons that are generated should have » „«i 
advantage for fnrfh.v ,. r . a elective 

sinn 9 r fUrther ara P^fication by the next primer set 
-xnce non-target amplicons are usually ^ > ™ £ 

se7 th fUrth6r ^"^lon by the nested pr L 

set than other non-target sequences present. This strate 
gy has been used to improve the abilitv nf " 8 e ' 
-thods suc h as pcr (Lay al / A ^^ion 

-0 ^TTTT^oT. J Matsumoto et_al., ^Virol. 

NASBA (K " 'e^ff-'^ 336:1022 - 
-tect very ^ge't t^T^^ ^ <»"» - 

The amplification method of Kacian ^ n 
/OBSO/03,07 depends on multiple en^eTc ^' {i T 

5 deluding RNA polymerase, DNA-directed DtfA 

RNA-directed DNA polymerase and , Phrase, 

^xymerase, and RNase H) . Alth^^u • *. ■ 

of these active ^ P ° ssessi n9 one each 

uese activities, a Dreferr-^ri 
> single en™ Preferred configuration uses a 

mgie enzyme, reverse transcriptase as t-h» • • 
source of the last three acttrttiTl^J^**'"*''*' 1 
example, one embodiment of this method e l 
-rase from coliphage TV an ^ t ^ ^ ^ 
Moloney murine leukemia virus (MuLV) 

supports amolifin-i-- 3 reaction "hich 

pporcs amplification extents of up to in" 

The rat-* = , fold or mor e. 

ihe rate of accumulation of products m „ u 
complicated for «»,~f, v CCs ls muc h more 

Physical properties of the reaction r Straightf ° rward 

txie rea ction components. 

The exponential accumulation of am «T * • • 
P-ducts d oes not p roceed i^inU^ •„ al^'T" 

methods. The rate cer * 7 these 

c j-cice per time of new rnnv ^ 

than exponential r^ a . f linear, rather 

jj<-uienciai, rate of accumulation nit--; _ -, 

— - . de is linited by - 
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cules of those substrates, such as primers and nucleo- 
sides, which are physically incorporated into amplifica- 
tion products. 

Summary of the Invention 
5 This invention relates to a significant improvement 

of the process described by Kacian et al . In particular, 
it relates to methods for improving the sensitivity of the 
process, i.e. , the ability to amplify desired target 
sequences that are present in extremely small numbers. 

10 Applicant believes that the most significant and 

prevalent obstacle to achieving maximum sensitivity is 
competition for reaction components by amplification of 
non-target sequences. Although primer annealing and 
extension should be most efficient on target sequences 

15 which are highly complementary to the primer, the possi- 
bility that a primer can complex with, and be extended 
upon, a sequence with only a few bases of complementarity 
to the 3 ' end of a primer is thermodynamically predictable 
and empirically known in the art. Even if the frequency 

20 per site of non-target initiation is low, the number of 
non-target bases in a reaction is usually much greater 
than the number of targeted bases complementary to the 
primers used to select the target sequence. Since a 
primer is physically incorporated into the initiation 

25 product, subsequent complementary copies can be very 
active templates for further amplification even though the 
original progenitor sequence scarcely resembled the 
desired target. 

The relative specificity of initiation by different 

30 primer sequences can vary over quite a great range and 
while the specificity cannot reliably be predicted based 
on sequence alone, it is possible to identify preferable 
sequences by routine experimentation. However, the 
considerations described above imply that for even the 

35 best primers, the potential for interference by non-target 
initiation becomes increasingly severe as the number of 
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that at some poinc early , n ^ P e 

of non-target amplicons Kin fae P P ' on 

-r^-rr:i-a m -Lr f — 

get specific product reaches detectable levels 
It x. well known in the art that the stability" . 
base-paired complex between two nucleic acid 
decreases *e t-h- *. nucleic acid sequences 

result! te "P-««e is increased. This usualiy 

action in the Jc^^^t^' "* 

observed „n en the avaUabilitv Tf , 11 ' 

polymerase made it possible to Z* I k them ° Stable DH * 

=0 atures for pcr (saTkT et 9 reaCti ° n ten,per - 

Flexibility Z selectit^- ^ ' 

simplified efL, " reaCti ° n tel "P er «ure has 

P-tined effective optimization of PC r .„„ 

reliable detect of ^ TIT £ 

remains challenging. <50) 

of b ^i2 h jtiT che temperacure reduce * ^ 
in= :i t : i::zZn°™ d ' hi9her 

30 form potentially r^^"^"^ T^" " 

found that the amount of non-taZt • " P ^ has 
temperatures both above and H 7 PrlnUn9 " 

Thus, it is rare tha^ 3 mSMUred ° pCimu *'- 

r j.c is rare that one can exnprh -> u> 

specificity for the desired target b , abS ° 1UtS 
35 the temperature alone. " ^ 00 tolling 

Other strategies have been descrih^ * 
the specificity of primer ext/ enhancing 
y primer extension including use of 
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chemical cienaturants and single-stranded binding proteins . 
Although these strategies have been useful in some cases, 
consistently favorable conditions have not been described. 
At this time, thermostable variants of reverse tran- 
5 scriptase which retain all three activities noted above 
are not known. Thermostable RNA polymerases have been 
described but none as yet having a promoter specificity as 
well -characterized as T7 RNA polymerase. Methods are 
known in the art to screen for, select. for, and/or engi- 

10 neer enzyme variants with desirable properties, including 
thermostability, but the methods disclosed herein afford 
another solution to the challenge of enhancing initiation 
specificity and, consequently, the sensitivity of target 
amplification. These methods have been especially 

15 effective in compositions having a small number of target 
sequences in the presence of a vast excess of non-target 
nucleic acids, and furthermore, can be employed together 
with elevated temperature treatments. 

The methods disclosed herein employ the concept of 

20 amplicon nesting, but are significantly different from 
previously described strategies in which a portion of a 
reaction run with the first primer set is transferred to 
a new reaction containing the second primer set. In the 
methods described herein, all the primers delimiting the 

25 nested amplicons can be combined in a single reaction such 
that serial transfer of products to a new reaction is 
unnecessary, and furthermore, the best mode is apparently 
favored by a dynamic coordination among their activities. 
Increasing the number and types of primers present in 

3 0 the mixture does significantly increase the potential for 
various side reactions, including those leading to 
competitive, non- target amplification. The extra primers 
added also have the potential to interfere with the 
desired normal function of the principal primer set. 

35 Therefore, it was unexpected that we could identify 
conditions wherein the degree of enhancement was not only 
unequivocal but of such a dramatic extent. Note that the 
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method functions throuah a «-«nn 

«*Or. or employ ^ ^ 217^ *" "* 

ture douMe-stranded ^mt e xt e ns T™ 11 ' d — 
. Primer extension products. 

■ — £o ; :;i f ^r:u" inventio - £ — * 

«W strand in , Cest ' a mD C i arSeC Se9uence ^ - nucleic 

simultaneously with at leas d t "™ d ^ tte «=•* sample 
At least one or! ^nucleotide prim- 

» — g a Primer r; 0 ~ :i; ~; pri T ^ 

strand or its complement and ? nU ° lei ° acid 

Primer region. recced " regi ° n ' 5 ' ° £ th * 

- « poi^rr ;:is:tr:r ed £orm by 

complementary to the nucleic acid stria and ^ 
5 Prrmer is complementary to a strand t t ^ 

nucleic acid strand tL 1 , ""PleMntary to the 

Lrana - The method further- ir,„-i j 
the nucleic acid stranH „ deludes contact- 

ci^xa strand and primers w-it-v, 

» — H acti^'uTd^r/irrnli^ 1 "^' - « 
allow amplification of a tLoT X . tenS1 °' 1 -editions to 

-an, at essentia^ JL£T ^ - 

to make the nucleic ar-iH - ! Y be Pleated 

«« „ith the jzr a a ^r^ A ' £or hybridiza - 

other methods prior to th. 7 ^ an, P li£ «<3 by 

herein. That is the meth ^ C ° nt *^ described 
Erectly to ampUfy a n I h r.° £ in - nti °n =« be used 

- Prior ampli^icaTion ^ 3 

^ is necessary. The LtL e sse n tTall V * 
method of Kacian et al h,„ \ SenClally Matures the 
Provided to signified , addiCi °nal Primer 

amplification at tnetp en se T*"^ '"hanca target 

By "oligonucleotide "" n ° n " tar9eC 
acid molecule with at e S t t " 3 Cuclai = 
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phosphodiester linkage known in the art. The nucleotide 
base moiety of the oligonucleotide may be adenine, 
guanine, cytosine, thymine, uracil, or other naturally- 
occurring or synthetic base derivatives, especially those 
5 which can complex with a complementary base in another 
nucleic acid sequence to participate in a double -stranded 
nucleic acid structure. The sugar moiety may be ribose, 
deoxyribose, or other derivatives or modified forms of 
these structures . Many derivatives of the phosphodiester 

10 moiety are known in the art and can be used in the 
invention. An oligonucleotide may also contain domains or 
residues which are not nucleosides and which might be 
used, e.g. , as a linker to a label or solid support, or to 
provide other functionality. Oligonucleotides can be 

15 synthesized chemically or by use of nucleic acid poly- 
merases, or processed from naturally occurring nucleic 
acids, by many methods which are well known in the art. 

By "primer" is meant a molecule which can be used by 
a nucleic acid polymerase as a receptor for covalent 

20 addition of a suitable nucleoside-5 ' -phosphoryl (or 
equivalent) residue. It is convenient to use an oligonu- 
cleotide with an extensible 3' end as a primer since it is 
straightforward to control the sequence of the primer and 
thus influence the polymerase to copy desired target 

25 sequences which are adjacent to sequences complementary to 
the primer; however, other molecules with priming 
activity, such as some proteins, are known. 

By "promoter-primer" is meant a primer which also has 
sequence or structural properties which can interact with 

30 an RNA polymerase to cause the RNA polymerase to tran- 
scribe a desirable template. The promoter -primers used in 
the examples herein are oligonucleotides which consist of 
sequences known to be part of an effective promoter for T7 
RNA polymerase linked to sequences which are complementary 

35 to desired targets in, e.g. , the HIV genome. Other 
promoter sequences are known and can be used including 
promoters for T3 RNA polymerase and SP6 RNA polymerase. 
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Other strategies can also be employed to promote relative- 
ly specific transcription and are intended to be covered 
by this definition of promoter-primer. For example an 
RNA oligonucleotide which is hybridized to a DNA template 
5 especially in a heterotriplex structure (sometimes called 
an R-Loop) resembling a nascent RNA transcript, can be 
extended by an RNA polymerase to yield an RNA complement 
of a desired target template. 

By "target region" or "amplification target" is 
intended to mean a sequence of consecutive nucleotide 
resxdues which one desires to amplify by duplication of 
this sequence or its complement by successive rounds of 
nuclexc acid polymerization. it is not necessary to know 
he nuc eot.de sequence of the entire target region but it 
helpful to know enough sequence to design at least one 
complementary primer and a sequence which car. be used for 
specxfic detection of amplification products, such as by 
hybrxdization with a labeled complementary probe 

The phrase "non-target nucleic acid" includes all 
sequences which are not contained within such a desired 
target regxon. These might include, for example, other 
sequences present on the same genome as the target region 
nuclexc acids from other genomes or their gene products 
present in the reaction, such as from a host cell or from 
environmental contaminants, and nucleic acids deliberately 
added to the reaction, such as the primers. 

in preferred embodiments, the nucleic acid strand is 
a sxngle-stranded DNA strand or converted to single- 
strands by denaturing double -stranded DNA; the nucleic 
acid strand and primers are first contacted at 60°C or 
above with an enzyme having DNA polymerase activity active 
at 60o C or above; the second contacting step is at 4 2 o C or 



polymerase; four primers are used in the 



__ . ^..mcs, are used in the first 

3S contact^ step; , t least one primer im d 

concentration dif£erent £rom ^ Qther prim ^ an 
«*»iti.. are provided by a reverse transcriptase a n d an 
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RNA polymerase; but its enzyme activities may be 
supplemented by an RNAse H having no DNA polymerase 
activity; the DNA polymerase lacks 5' -3' exonuclease 
activity, and is derived from the DNA polymerase I of a 

.5 Bacillus species; e.g. : of the species Bacillus stearo- 
thermophilus or Bacillus caldotenax ; the two outside 
primers hybridize to said nucleic acid strand or its 
complement at most 2000, 500, or 3 50 bases apart; and one 
primer is provided at a concentration between 1 and 10 fM 

10 and another said primer is provided at a concentration 
between 10 and 50 fiM. 

In other preferred embodiments, two primers are plus- 
sense primers and the inside plus -sense primer is a. 
promoter-primer; or two primers are minus -sense primers 

15 and the outside minus-sense primer is a promoter-primer. 
References to position and polarity are intended to have 
the meanings described below in reference to the struc- 
tures in Fig. 1 and do not depend on polarity designations 
which might be conventional for the genetic system in 

20 which a target region is found. Thus, T74116 and 4195 in 
Fig. 1 are considered herein to be inside primers; T74312 
and/or 4009 are considered to be outside primers. Of the 
possible amplicons which can result from this array of 
primers, it is expected that the sequence within the 

25 target region delimited by the inside primers will amplify 
to the greatest extent because amplification products 
which are delimited by one or both outside primers are 
targets for annealing by the complementary inside primer 
but the converse is not necessarily true. Therefore, the 

30 target region delimited by the inside primers in Fig. 1 is 
considered to be the principal target region, and T74116 
is an example of the principal promoter-primer. 

The sense of the endogenous target region which is 
complementary to the principal promoter-primer is defined 

3 5 as negative or minus sense, as are other nucleic acids 
present which have the same sequence sense as the minus 
target strand. Thus, the principal promoter-primer is 
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-v, be a PP ar ent to those skills ■ 
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ma*.- strand comprises sufficient- 

mation to uniquely specifv a ™ urricient mfor- 

10 components. 7 e rea ction 

The dr^s win fi rst brief ly be described . 

Drawj ng g 

FIG 1 

Potion of JLrs ^f™^ ~P— t a tio „ of ^ 
target region t0 * «* the pou 

20 FIG 2 i 

-Plication JoltT. of 
cols. ' IM1 ' IM2 and IM3 proto- 

FIG. 3 is a diagrammatic represent- al ~! 
possible scheme for initiation , rePreSentatlon sh ™^9 a 
25 primer; and "^atxon *Y extension of outside T7 

p IG. 4 is a diagrammatic reDre^nh^ ■ 
Potential strand displacement .J^TT^Z, ' 
extension product bv «,.,k«, T74116 primer 

-** he j\?jt;:r SP r £ r n of . 4o ° 9 >^ 

30 efficient. specif lc initiation more 

Examp ] ps 

PresenTi^r ^ ~ « ^ 

variations to these T , 3 reco ^i 2 e that 

these examples are within the scope of the 
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appended claims. In particular the specific aimounts of 
reagents and their proportions, and the specific enzymes 
and nucleic acids used, can be varied to allow amplifica- 
tion of any chosen target. In these examples, certain 
5 terms are used as follows. 

"Initiation" refers to the process by which an 
endogenous template sequence is copied or converted into . 
a form which can be transcribed efficiently to yield RNA 
copies of the target region or its complement (whether 

10 this is a desirable target region or not) . In the 
amplification method of Kacian et al . . initiation at a 
particular target is complete when such an RNA product is 
capable of participating as a template in a cycle of 
reaction steps, which can lead to de novo formation of a 

15 template that can be transcribed to yield an essentially 
similar RNA molecule. (This RNA molecule may not be 
identical in sequence to its precursors but retains at 
least enough sequence similarity to be amplified further) . 
"Amplicon" refers to a nucleic acid that is a product 

20 of one of the reactions in the amplification cycle and 
which retains the ability to serve as a template for 
further amplification. 

"Pre-initiated template" is used to designate a 
nucleic acid that possesses the properties of an amplicon, 

25 i.e. . it can serve as a template for one of the reactions 
in the amplification cycle without first participating in 
one of the initiation reactions. A pre-initiated template 
may indeed be an amplicon product of a prior amplification 
reaction, or might be constructed synthetically as an 

3 0 experimental model of amplicon activity by methods such as 
PCR, chemical synthesis or cloning. 

As suggested above, the amplification reaction can be 
perceived as having two phases, one phase including those 
reaction steps causing the endogenous template to be 

35 copied or converted into a functional amplicon, and the 
second phase including those steps that are part of the 
inherently cyclical amplification process. The intermedi- 
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ates and products of the amn Kf 

"a lly similar ^^3 0, : " St6PS 

template, but the initiation „ ori 9 in al endogenous 

s of the end : :t::z:z us ;i depend - *• 

5 strategies for the taro^r- a i • , Va ™s initiation 

^grammatically in Fig 2 """^ and shorn . 

*• W. under conditions aUolg a T ^ 
a — 1 t0 . complementary * Promoter-primer Co 

activity is added to synthes . a ™ Polymerase 

template by extensio ^ Jf 2 * * ^ P^ment to the target 
» -action is heated at ^ ™«-PrW. The 

branded DNA product and coo ed to a d ~ M ~ 
allows annealing of a second primer t c 7"""" 
sequence on the newly synthesized exten Ion 
suitable enzymes are added (e a „„* P When 

iP^se and, optionally^sT^ 0l ™*' — 
«n be extended by DHA polymerase a c ' T Prlmr 
double-stranded copy of tlTT " '° Pr ° duoe * 

Promoter, and thus » °' • target linked to a 

an ac Cl ve tempUte for the » polymer . 

Initiation Method 2 (i„ 2 ) refer . _ 
method in which the endo™ an lnit iation 

a— n of ^:;rzzz:zizi Dm - 

transcriptase and, optionally, m *' 
yield effective initiation even if "e ^ <° 

heated to denature the i„ itial D reaction is not 

Competent amplicons are gvJSTi^T' 1 "' Pr ° dU ° CS ' 
-rinsic processes in the isotherma^icT" 0 " * 
Initiation Method 3 (i M 3) r «* 

method in which the endogenous template' " 

reaction can be assented and re C eTv e a " 

addition (including poiymerase, Terse V"" ' 

and, optionaUy, RH.se „, . The double-strlL d 

e St ^anded product of 
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the initial extension of the promoter-primer is ah RNA/DNA 
hybrid. The RNA strand is a substrate for the RNase H 
activity present and can be degraded to yield a single - 
stranded copy of the promoter linked to the target region, 
5 which in turn is a template for extension of the second 
primer as described above . 

The terms "reaction failure" or "amplification 
failure" as used herein are not meant to imply that 
amplification failed to occur but simply that copies of 

10 the desired target sequence were not detectable among the 
products. This may indicate the absence of the desired 
target among the analyte nucleic acids. This might also 
result from target-specific initiation or amplification 
which was not sufficiently effective. For example, 

15 target-specific initiation might be ineffective even 
though many specific initiation events occurred if initia- 
tion on non-target sequences yielded excessive competitive 
amplicons. As will be shown in the examples below, the 
present invention provides sufficient improvement over ex- 

20 isting methods to allow detection of as few as 1-5 copies 
of a target nucleic acid within a sample without requiring 
additional heating steps to denature reaction intermedi- 
ates . 

General Methods 

25 The procedures described in this section, or slight 

variations thereof, were used in most of the examples 
described below. Exceptions and modifications are 
detailed in each example. 

The following is an example of an IM2 amplification 

30 reaction. 

1) A solution containing the following components 
was prepared and dispensed in a volume of 25 fxl : 
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200 mM Tris-HCl (pH 8.0 at about 20-25°C) 
70 mM MgCl 2 

8 mM spermidine 
0.4 mM deferoxamine mesylate 
5 25 mM each GTP & ATP 

10 mM each UTP & CTP 
0.8 mM each dATP, dGTP, dCTP, dTTP 
0.6 fiM T74116 promoter-primer 
1.2 /iM 4195 primer 
10 20% (v/v) glycerol 

The p rim e rs used in the ^ 

^grammatically in the figures. They have the following 
sequences: SEQ. ID N0 . , (40MJ 

'ATTCCCTACAATCCCCAAAGTCAA-3 ' ; SEQ. ID NO. 2 ( T74116) . 5 

SE^^^i^Mn^^^^ < "^'^^ < ^^ < ^ A ^ CAAATGGCAGTATTCATCCACA-3 ' 
SEQ ID NO. 3 (4195): 5' -GTTTGTATGTCTGTTGCTATTAT-3 ' ; and 

* Q * 10 N ° • 4 ( T 7 4 3 1 2 ) : 5 • 

tAATTTAATACGACTCACTATAGGGAGA] CCCTTCACCTTTCCAGAG- 3 ' {Tne 
propter sequences are shown in brackets, other promoter 
T7411S U Tl ln Th * HIV sequences of 

Tun ^ T?4312 di -l°-d previously 

(McDonough et al, n s p a ^o«^- at . ^ ev iousiy 
08/040 7 « u u • Applxcation Serial No. 

08/040,745 hereby incorporated by reference herein) 

2) To this mixture was added 50 M l of a sample 
containing the nucleic acids to be analyzed 
Model reference system samples contained 1 to 10 
«J of purified human white blood cell (WBC) DNA 
m 80 mM potassium acetate. wbc DNA can be 

30 !c SPared bY 3 VariSty ° f Well " k nown methods 

See, Maniatis et al., Mole^uia,^^, ft 

laboratory manual, Cold Spring Harbor Press, 
Cold Spring Harbor, NY, l 98 2) . Alternatively 
50 Ml of a hydroly 2 ed WBC lysate, prepared as 
described in Example 4, was used. Reactions re- 
ceived 5 ,1 of water if negative controls, or 
5 Ml containing a known amount of pur if ied 
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clonedHIV nucleic acid for testing amplification 
performance . 

3) The mixture was heated to 95 °C and maintained at 
this temperature for 5 min. It was then trans - 

5 ferred to 42°C and allowed to cool to this 

temperature . 

4) Twenty fil of a solution containing 800 U Moloney 
MuLV reverse transcriptase (RT) and 400 U T7 RNA 
polymerase was added in a solution comprising 50 

10 mM Tris-HCl (pH 8.0), 10 mM potassium acetate, 

100 mM N-acetyl-L-cysteine and 20% (v/v) glycer- 
ol. 

5) This was mixed briefly and incubated at 42 °C for 
2 hr, 

15 6) The formation of amplification product contain- 

ing the intended target sequence was determined 
using a specific hybridization procedure. For 
all experiments described herein the hybrid- 
ization protection assay (Arnold et al . , Clin. 

20 Chem. 35:1588 (1989) and PCT/US88/03195) was 

used. 

Unless specified otherwise in the examples below, the 
poll primers were used in the IM2 experiments at the 
concentrations listed above ( i.e. , 15 pmol T74116 and 3 0 
25 pmol 4195 per 100 fil reaction) . When gagll primers were 
used, T7811 and 872 were added at 30 pmol each per 100 /zl 
reaction. 

Strategies for enhanced initiation effectiveness 
were tested using the following modifications of the basic 
30 IM2 procedure: 

la) A mixture of reaction components was pre- 

pared as described in Step 1 in the IM2 
procedure. Optionally, additional oligo- 
nucleotides were added as outside primers, 
35 e.g. , 3 pmol each per reaction of 4009 and 

T74312 for poll amplification. 
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2a) 



10 

3a) 



15 4a) 



This mixture received 50 „i of a sample 
containing the nucleic acids to be ana 
lyzed. Model reference system samples 
contained 1 to 10 m of purified human WBC 
DNA in 80 mM KOAc. Alternatively, 50 M l of 
a hydrolyzed WBC lysate, prepared as de- 
scribed in Example 4, was used. Reactions 
recexved 5 ,1 of water for negative con- 
trols, or 5 til containing a known amount of 
purified, cloned HIV nucleic acid 
The mixture was heated to 95 » c and main- 
taxned for 5 min. It was then transferred 

to 60°C and allowed to cool to this temper- 
ature . 

Optionally, io M l of a solution CQnta 
a thermostable DNA polymerase was added in 
a solutxon comprising 50 mM Tris-HCl ( pH 
8.0), io mM potassium acetate, loo mM N- 
acetyl-L-cysteine and 20% (v/v) glycerol 
Enzymes tested and desirable properties 
thereof are described in the examples 
below. 

The reaction was mixed briefly and incubat- 
ed at 60 °C for io min. 

The reaction was transferred to 42 <>c and 
allowed to cool to this temperature 
10 Ml of a solution containing 800 U Molon- 
ey MuLV reverse transcriptase and 400 U T7 
RNA polymerase was added in a solution 
comprising 50 mM Tris-HCl ( pH 8.0), io mM 
potassium acetate, 100 mM N-acetyl-L-cyste- 
me and 20% (v/v) glycerol. 
The reaction was mixed briefly and incubat- 
ed at 42°C for 2 hr. 
*a> The formation of amplif ication product 

contaxning the intended target sequence was 
determxned using a specific hybridization 
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5a) 

25 6a) 
7a) 



8a) 
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procedure such as the hybridization protec- 
tion assay (Arnold et al . , supra ) . 
The outside primers used (if any) and their concen- 
trations are described in each of the examples. 
5 We found that the most valuable indicator of initia- 

tion effectiveness was the frequency of reaction failures 
for a particular template level rather than the extent of 
amplification in individual reactions. Therefore, for 
each condition tested, experiments were set up with 

10 multiple replicate reactions so that improved initiation 
effectiveness could be identified by a statistically 
significant decrease in the failure frequency. Further- 
more, the geometric means (G.M.) of the signals for the 
replicate reactions correlated well with initiation 

15 effectiveness and are shown for most of the examples. 

The HIV templates used in experiments described in 
the Examples were purified by standard methods from 
Escherichia coli containing plasmid clones of HIV sequenc- 
es (see for example Maniatis et al . . supra ) . In experi- 

20 ments specifying BH10 DNA, the template was a purified 
double -stranded linear DNA having essentially the 8932 
nucleotide sequence described in Genbank as HIVBH102 
(Accession No. M15654) plus the complementary strand. 
Other experiments used a linearized plasmid DNA (pUCHIV) 

25 comprising the gag and pol genes of BH10 in a standard pUC 
cloning vector. Both templates had virtually identical 
template activity per molecule in side by side compari- 
sons . 

After purification, the concentration of DNA in these 
30 preparations was determined by measuring the amount of 260 
nm ultra-violet light absorbed by samples of each prepara- 
tion (A 260 ) . The nucleotide sequence, and thus the length, 
of each of these DNA species is known. The molar concen- 
tration for such a preparation was determined by applying 
35 standard conversion factors: mass concentration of double- 
stranded DNA = 50 fig ml" 1 A 260 " 1 ; molecular weight of double- 
stranded DNA = length (bp) x 650 g mol* 1 bp" 1 , A stock 
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per „" (33 : " e 7 " * -0' testes 

Per 5 „i ,33 pM> was divided into separate aliquots and 

frozen. For each amplification experiment an aliquot of 
template was thawed and serially diluted to the desired 
5 working concentration <e^, 5 templates per 5 ,1, for 
addition to reactions. The thawed aliquots and dilutions 
were discarded after each experiment. 

Pxampl,, i. TniHntlon Ktr.„< 

To assess quantitatively the effect of various 

desirable to develop methods to discriminate between 
changes ln amplification effectiveness and in initi tron 
effectiveness in response to a given variable. This wal 
necessary because, for example, we found that conditio" 

™! P r r li£i ~"°» — ance were no 
necessarily the conditions which yielded optimum initia- 
tion effectiveness, one way we accomplished this 1 to 
add pre-initiated templates to reactions as an indicator 

' =0 lotion . amPlifl ° a "°° Performance of various 

reaction compositions or treatment scenarios and to 
compare these results with the amplification result^ 
from addition of a native target sequence 

raoidTj n,eth0d ' ^ P ° SSible " 1- how 

rapid and extensive the initiation of target-derived 

IZlir " USt ^ " ° Ut - C ° mpe - amplification of o" 
target sequences. An amplication time course was per- 
formed in which reactions were assembled according to 
various desired test conditions but without any target 
30 b "I : M Va " OUS "~ aft " th * — was started 

wis adtr "I 7 " ^ "* P ° lTOe e — «-P - 
was added and the resulting final amplification extents 
determined as described below: extents 

1) A mixture was prepared containing the following 
components, and 85 ,1 of the solution was dis- 
pensed into each reaction tube. The concentre- 
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tions listed refer to the respective concentra- 
tions in the completed 100 /xl reaction. 

50 mM Tris-HCl (pH 8 . 0 at room tempera- 
ture) 

5 17.5 mM MgCl 2 

5 mM dithiothreitol 

2 mM spermidine 
6.25 mM each GTP & ATP 

2.5 mM each OTP & CTP 
10 0.2 mM each dATP, dGTP, dCTP, dTTP 

0.3 [iM each T74116 promoter-primer and 

4195 primer 

3 fig human WBC DNA 

2) The reactions were heated to 95 °C for 7 min, 
15 transferred to 37°C and allowed to cool to this 

temperature for 5 min. 

3) Moloney MuLV reverse transcriptase (600 U) and 
T7 RNA polymerase (400 U) were added to each 
reaction in 10 /il of buffer (10 mM Tris HC1 (pH 

20 8,0), 10 mM potassium acetate and 5 mM dithio- 

threitol) . 

4) At various times after enzyme addition, either 
100 copies of single-stranded BH10 DNA (puri- 
fied, cloned HIV DNA, previously denatured by 

25 boiling) or 10 copies of pre-initiated template 

were added to respective reactions in a volume 
of 5 (il. Three replicates of each time point 
and condition were processed. 

5) After 2 hours the yield of target -specif ic 
30 amplification product determined by the hybrid- 
ization protection assay (Arnold et al . . supra) . 

Analysis of the geometric mean of the signals of 
three replicates for each condition shows that even ten 
(10) pre-initiated amplicons could not be amplified to de- 
35 tectable levels if the amplification biochemistry is 
allowed to proceed for as few as 10 minutes in the pres- 
ence of non- target nucleic acids but the absence of target 
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already present non- target amplicons 

c::r t :; th a r u : late -«~«-^ 

copied via the initial™ ""^ template c ° 

*» competent to2 Z ZT ™ ^ " ^ li ««"o n 

90% of the target-JclL a v.-' ° nS ' "*« than 

lost within 3-5 IT , ^^"ation potential was 

itmn 3-5 minutes of adding the reverse t-v=„ • 
tase and RNA polymerase to begin the a^Mf "^"P- 
The extreme brevity of this * mPllf 1CaClon P«- 

" for effective iniM,^ nd ° W ° f °PPOrtunity 

receive initiation was verv surm-*<,<„.. 

we had expected significant levels o7nTt ^ 
and initiation Th* * „ non-target priming 

nation. The trends observed here ac „»n 
many comparable experiments, suggest th ^ " " 

«• due to excessive depletion of -^ition 
20 components by amplification ^^ntxal reaction 

of non-target' int^T* ° ri91n3ting ^ ^ 

It has been possible to detect moderated i„ «. 
levels in many cases ugi irately low target 

test sample which contained a50 Hiv „ ly SVery 

..u ea "° HIV genomes and ahmn- o 

— - n ade^cr ^£2?%^™ «- 
oases in which even greater sensitivity is H ' 
i. one example of a pathogen ™ 
Present at a very low concentrate 13ht be 

-oh as whole b7ood. Reliable det ? """^ 
3= acids sometimes reguires a siglif ^ T ™ ^ 
«BCs from a o.x . , ml bloo / or 7 o an ™ «». 

1-st one target seguence is present The ^ ^ " 

p enc - Tne nucleic acid 
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extracted from such a sample might contain a single HIV 
genome in the presence of >20 fig of non- target DNA. The 
severely aggressive character of competitive non-target 
amplification as revealed in Example 1 makes it clear that 
5 detecting the target in such a sample was a very challeng- 
ing goal and could not be expected by routine experimenta- 
tion. 

Example 2 : Thermostable DNA Polymerase 

This example demonstrates that significant increases 

10 in sensitivity can be achieved by application of the 
principles disclosed here. Samples A and B, shown in 
Table 1 were treated using the standard IM2 method as 
described under General Methods above, i.e. the samples 
were cooled from 95°C directly to 42°C and the reverse 

15 transcriptase/T7 RNA polymerase mixture was added to begin 
the reaction. Samples (C-F) were cooled from 95°C to 60°C, 
as described, received 2 U B. s tear 'othermophilus (Bst) DNA 
polymerase each, and were allowed to incubate for 10 min. 
The samples were then allowed to cool to 42 °C before 

20 receiving the reverse transcriptase/T7 RNA polymerase mix- 
ture. Each reaction received purified cloned HIV DNA 
(pUCHIV) diluted to an average of 5 templates per reac- 
tion. 
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Est 



None 



G.M. 



2 U 



None 



2, 822 
788, 364 
5, 609 
550,515 
54,499 
2,962 
884,319 
2,404 
5,601 
301,269 



36,305 



2,684 
21,699 
500, 660 
2, 685 
222, 122 
157,526 
518, 992 
318,567 
736, 861 
2,896 



Outside Primers ( 3 pmo l ) 



T74312 



4009 



n.d 



894 
1,007 
10 
914 
897 
923 
942 
962 
963 
78 



,475 
,288 
,027 
,272 
,114 
, 988 
,281 
,413 
, 703 
,465 



n.d. 



E 

996,174 
573, 620 
933, 090 
230,777 
982, 900 
701,584 
802,113 
939,987 
3,605 
1,100,968 



4009 + 
T74312 



B_ 

5,575 
1, 080, 914 
598,645 
2,904 
399,264 
692,780 
3,057 
907,013 
3,386 
635, 132 

83,898 




1,053 
925 
985 
981 
953 
1, 000 
1, Oil 
1, 013 
958 
1,040 



,438 
,349 
,495 
,515 
,186 
, 703 
,202 
, 977 
,185 
, 630 



in TablesT , ^ " -Passed 

in Tables l . 7 a relatlve ^ ^ 

T2l T , Sl9nal ° btalned fr ° m the "-^inescent 
label on the detection probe. 

The RLO values for the negative control (no oUCHIVI 
for each of these reaction conditions ,».„ „ e re 

ture StL?^ ^ ^ USln9 3 "** 

- -r^-^irs *r r t iudin9 

-ance motion effectiveness. 0 LZsTt^Z 
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enhancements were seen when the 60 °C supplemental initia- 
tion step was performed in the presence of either of the 
outside primers (D, E) , and the best condition included 
both outside primers as well as the 60°C . supplemental 
5 initiation using Bst DNA polymerase (F) . 

EXAMPLE 3: PRIMER TITRATION 

This example shows some of the surprising properties 
of the enhanced initiation systems, which make it clear 
that these enhancements were not obvious nor predictable 

10 from prior art. 

The most effective concentration of outside primers 
was determined by titration. In this example, both the 
T74312 promoter-primer and the 4009 primer were included 
at equimolar levels as shown in Table 2 . The experiment 

15 was also intended to determine if initiation enhancement 
was due primarily to the primer nesting, to the high 
temperature step alone, to the high temperature incubation 
in the presence of DNA polymerase, or to some combination 
of these factors. The reaction condition (A) , which had 

20 no Bst polymerase and no outside primers, was executed 
using a standard IM2 initiation as outlined under General 
Methods above ( i.e. , no 60°C step) . All the other samples 
received the 60 °C incubation step whether or not Bst 
polymerase was included in the reaction. 

25 Each sample shown in the table received an average of 

5 molecules of pUCHIV DNA. A negative control was also 
done for each reaction condition; the RLU values for the 
negative controls were: 1481, 3073, 1888, 1579, 2150, 
1685, and 2038, for A-G, respectively. 
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2 U 



816,921 
2,405 
990,140 
990, G92 
1, 008, 058 
957,396 
968,449 
957,421 
1,031,290 
2,055 



934,499 
925,259 
992, 702 
979, 840 
966,982 
997,355 
994,863 
982,283 
937,674 
934,387 



960, 554 
920, 915 
952,251 
1,012,172 
954,368 
1,011,579 
974,269 
1, 008,390 
1,017,541 
1,023 , 782 




As described above, lt is possiMe 

p~»« included in the reaction to inh . b J* •«» 

niz 1 ::^ by promotins additi ° nai ^ iti a C r n 

non target sequences. This potential for • , * 

with desired a.plif ication hy J^L Mmrtma °* 

ti,n is observed here i e L th " ^ reaC " 

t -, ln the reactions with n ^ nr 

1 pmol each outside pri.er in the absence °; 5 " 

temperature pre-initiation step ,b c) ° " " 

P-ol of each outside pri , er (D) yielded s ,""' ' 

better initiation effectiveness than 

J-veness than the standard IM2 
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initiation condition (A). The inclusion of the 60°C 
primer extension step (E-G) not only broadens the range 
over which the nested primer strategy is effective, but 
also, as in the previous example, is synergistic with the 
5 best outside primer conditions (G) to yield impressive 
initiation effectiveness. 

EXAMPLE 4 : CRUDE LYSATES 

This example showed that the initiation enhancements 
were not only functional, but even more valuable, when 

10 applied to a crude lysate typical of a patient sample 
after appropriate processing. Because of the complex and 
variable chemical composition of such lysates, it is 
typical for at least some of the amplification processes 
to proceed less effectively in lysate than in systems with 

15 purified components. Therefore, signals are often lower 
and/or failures more likely than for comparable target 
levels in a reaction containing purified components such 
as the model reference system reaction. 

1) Whole blood treated with EDTA as an anticoagu- 
20 lant was mixed with an equal volume of a Density 

Centrif ugatlon Medium (DCM) comprising PERCOLL in 
0.25 M sucrose at a density of 1.110 g/ml. The 
mixture was centrifuged at 1600 X g for 20 min. 

2) The mononuclear WBCs (MNC) were harvested by 
25 pipetting from a band that formed at the meniscus of 

the equilibrated mixture. The DCM/MNC suspension was 
mixed with an equal volume of 0.14 M KOH, mixed well 
and heated at 95 °C for 3 0 min. 



30 



3) After cooling to room temperature, the resulting 
hydrolysate was adjusted to pH 8.0 ± 0.5 by adding 
one- tenth volume of a solution comprising: 
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0.65 N acetic acid 

ITrU base)'" 66 M TrlS "^-^> 
0.084 M Tris-HCl 

" ti=„ „ as done (or e J" 3 ' 3 rf . 006 native contro! reac- 

' 5/ AO, and 5 fin ? dttt 

3(502 RLU > respectively. 



Table 3 




Although the reference system stan* „ 

(a, showed good initiation j f ::; v ^i « 

-at the enhanced syste. (BJ is si g ni^ ^ 
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10 signals are essentially saturated under these condi- 
tions. Furthermore, the lysate sample results (C, D) make 
it extremely clear how much benefit can be achieved from 
using the initiation enhancements. 

5 EXAMPLE 5: OUTSIDE PRIMERS 

This experiment re-examined the enhancement obtained 
with each of the outside primers under the challenging 
conditions of a low target level (3 PUCHIV) in the pres- 
ence of lysate. All reactions received 1 U Bst DNA 

10 polymerase and were subjected to the 10 minute incubation 
at 60°C. The outside primers used (at 3 pmol each per 
reaction) and the combinations tested are shown in the top 
row of Table 4. The primer 4312b has the identical 
sequence complementary to HIV as does T74312 but does not 

15 have the promoter sequence. 

The RLU values obtained from ten (10) replicate 
reactions for each condition are shown in Table 4 . The 
bottom row of Table 4 shows the geometric mean of the 
individual replicate results for that condition. The 

20 negative control results for each condition (A - E) were 
776, 2850, 4053, 3875, and 4126 RLU, respectively. 



Table 4 







Outside 


Primers 




None 


T74312 


4312b 


4312b & 


T74312 & 








4009 


4009 


849,178 


866,790 


929,644 


824, 030 


716,145 


3,867 


804,203 


3,506 


4,451 


910,595 


382,761 


4,064 


959,438 


829,668 


880, 340 


374,433 


901,779 


895,765 


861,299 


726, 859 


284,409 


896, 920 


3, 950 


240, 405 


922, 937 


43,293 


850,814 


3, 892 


960, 310 


866,289 


3,893 


883, 606 


3,637 


944, 199 


992, 987 


3,722 


1, 083,540 


867,171 


941, 293 


925,316 


27,165 


998,443 


858, 293 


895, 293 


875,782 


893,489 


920,823 


930,880 


909, 846 


958,355 


67,752 


528,996 


100, 820 


461,481 


873,055 
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ennanced initiation _ ^ ^ ^« ~ W 
more, these results strongly suggest that the ' , 
5 potential of T74312 benefits f rom T 

since the hom^i * eneflts from the promoter moiety 

nee the homologous non-promoter-primer 43 i 2 h 
stimulate inin=^ • 4312b, did not 

=on ditio : „ ith roursiar 9 " antiy over th * 

that could accoutt for\ h °~ P ° SSiMe mechani - 

being extendL •! lnitiite a IM2 P r °«=« by 

that th °" CO "*> le "-"t in the usua! way. Note 

that this step should not interfere wirh .->, 

initiation steps primed by the prlncloal n0rn,al 
T74-MC „■ , Principal promoter-primer 

T741 "' "nee they occur on different strands. 

initiation by T7431? *-u • 

expected to be less aff reaCti ° n mlght be 

is Present at a i ^ ^ * T?4116 SinCe T743 ^ 

initLr 1 C ° nCentrat ion; however, any T74312 

ignificantly and preferentially accelerate ^ h 

out<HH» Probably is desirable for the 

outside promoter-primer (a~ T7431P) u 

amplification. ^ lnhiMt e «ective 

Note that different sequences ~„ i, 
30 rates of hybridization to ZZ ZZ t 

even at identical <™ . respective complements 

t identical concentrations. Therefore the „Hn „ f 
pnmrng activities for two different Z T 
sequences may not be the same as th r^TTT^ 
concentrations. However, the molar concen^tlls 
« useful first approximation of the relativf ! 3 
two different promoter-primers and th °' 
-ermined by routing -^^T^T 
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methods for quantifying hybridization rates are well known 
in the art and can be used to resolve apparent anomalies 
in effective concentrations. 

It is evident that 4009 improves initiation effec- 
5 tiveness in addition to any role it may serve in complet- 
ing the formation of trahscriptionally-active species 
initiated by extension of T74312 (diagrammed in Fig. 3) • 
Not only did the presence of 4009 produce a clear enhance- 
ment in this experiment even when paired with the non- 
10 promoter-primer, 4312b, but it also promoted enhanced 
initiation in Example 2 in the absence of either 4312 
species . 

A possible enhancement mechanism consistent with 
these observations is shown in Fig. 4. Here, primer 4009 

15 is capable of priming DNA synthesis, which can displace 
previously synthesized DNA extended from the inside 
promoter primer, T74116. It is desirable that this 
outside primer have lower activity than the inside promot- 
er-primer to make it less likely that the outside primer 

20 will be extended first, rendering the primary target 
region double stranded and thus inaccessible to initiation 
by the inside promoter-primer ( e.g. , T74116) . 

EXAMPLE 6: DNA POLYMERASE PROPERTIES 

The experiments shown in this example were done to 

25 determine if properties other than thermostability of the 
supplemental DNA polymerase were important to the initia- 
tion enhancement mechanisms. The results shown in Table 
5 were from three different experiments, each with its own 
goals, but each contained similar controls which can be 

30 compared as references to judge the relative merit of each 
enzyme. The RLU values in the bottom group, labeled 
"None", were from standard IM2 reactions, incubated with 
no outside primers and no thermostable DNA polymerase. 
The middle group, labeled n Bst-l", was treated using the 

35 enhanced initiation procedure as described under General 
Methods and employed Bst DNA polymerase from Bio-Rad. The 
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10 



15 



top group shows the results of 

^procedure substituting one of t ne alternative ZZ 

Bst-2 denotes a sample of Bst polype f rora . * 
vendor, „ olecu lar Biology Resources; w corresponds, 

a «« is a DNA polymerase available f ™ m r- • 
"KLENTAO™" DMA „«i <*vsij.aDie from Epicentre, 

BNTAQ DNA polymerase (Ab Peptides) is a derivative of 
T^us^ucus DNA polymerase as described 
samples were all handled using the enhanced initiation 
methods described under General Methods. The re SD " 
DNA polymerases indicated were used for I r6SpeCtlVe 
60°C incubation step Th. f ° r the 10 mi ™te, 

don step. The reactions contained WBC l vsat 
«. or were the model reference system and receLd the 
-erage template inoculum shown in Table 5. 
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Table 5 





Bst-2 


Bca 


Rep li th- 
erm 


KlenTaq 


Reaction: 
pUCHIV : 


Lysate 
5 


Model Sys 
4 


Model Sys 
4 


Lysate 
5 


Test 
Enzyme 


1,216,201 
1,041, 976 

952,373 
1,039,396 

905,270 


812, 767 
801, 084 
851, 248 
855, 734 
811,228 
846,270 
866, 044 


842, 161 
818,499 

1,238 
866,246 

1,262 
865,195 

1,455 


11, 564 
811,042 
153,291 
566, 063 
625,274 
427,127 


G.M. : 


1,025,760 


834,568 


52,998 


245,204 












Bst-1 


547,626 
276,219 
710,203 
19,428 
728,553 


944, 662 
913, 013 
906, 523 
921, 547 
954,490 
862, 586 
891, 032 


944,662 
913,013 
906,523 
921,547 
954,490 
862,586 
891,032 


906,711 
891,475 
654,163 
33,052 
813,337 
899, 851 


G.M. : 


273 , 150 


A4 O Oil C 

912 , 946 


912 , 946 


A O O COT 












None 


3,546 
3, 207 
3,191 


855, 208 
1, 259 

849,200 
1,334 
1,342 
1,277 
1,461 


855,208 
1,259 

849,200 
1,334 
1,342 
1,277 
1,461 


5,191 
5, 029 
5,337 
5,417 
5,648 
5,579 


G.M. : 


3,311 


8,441 


8,441 


5,363 



Table 5 shows that several thermostable DNA polymera- 
ses other than Bst were also capable of supporting en- 
hanced initiation effectiveness in concert with outside 
primers. In separate experiments, we found that some 
15 other thermostable DNA polymerases did not seem to act 
synergistically with the nested primers to yield enhanced 
initiation. These included native DNA polymerases from 
Thermus aquaticus (Taq) , Thermus flavus (Tfl) , Thermus 
thermophilics (Tth) , Thermococcus litoralis {Vent™, New 
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England Biolabs,, or Retrotherm™ (Epicentre,. Some „ f 
these did confer improved initiation ef fectiveness 

red to standard IM2 if used in an initial 10 minute, 
60 C primer extension step in a reaction without outside 

as the fully enhanced system described above. 

The four polymerase enzymes that did support fullv 

10 to theL .,, ' ~ le3Se "hich may contribute 

to their effectiveness. Est, Bca and KLENTAQ are each 

I r t ° £ B ' I- «» =-3. exonu l s 

ase that is usually found in this class of enzyme is 
removed by proteolysis during purification of Bst by both 
vendors. Bca and KlenTao. are both manufactured by expres 
15 sion from respective clones of mutant genes defective „ 
hl s activity. REPLITHERM is reported by its manuka re r 
to lack any exonuclease activity. That the enhancement 
-onanism benefits from 5^3. exonuclease deficiency is 
suggested here because of this correlation and further 

IZtlT by the superior ef£ica - ot *™ ~ 

to the native parent form of Tag polymerase 

from T Tr ^ ° ther eXE,eri - nts ' ^e three polymerases 

stable h SPSCieS SSemed t0 SUPP ° rt ~» consistent, 
25 1 «*ancement than either REPLITHERM or KLENTAQ" 

tT ttT" theSe thrSe rSlated "»» a propel 

ty that distinguishes them from the other two One 

possibility is that efficient strand displacement activi! 

cLrib^ " " di " er am °" 9 ° NA could 

contribute to mechanisms such as shown in Fig. 4 but 
30 other possibilities are not excluded 

the i r iShtS Sh0 " ed that thS bene£its inferred by 

the fully enhanced system were not simply dependent on I 

121LT°1 „ eUVated ™ in * "Agency 

3S system the f the ™ OStable ™* POlvmsrase, but that the 
system as configured here has mechanistic advantages, 
which were not obvious, nor predictable, from prior art 
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Example 7 : Other Target Regions 

The initiation enhancements were also tested and 
shown to work for target regions other than poll. The 
inside target region shown here is called gagll and uses 
5 the promoter-primer T7811 and the non-promoter primer 872. 
Primer placement for the nested gagll target region 
corresponds to Fig. 1 with 780, T7811, 872, and T71062 
substituted for 4009, T74116, 4195, and T74312, respec- 
tively. The sequences of these primers are: 

1 0 SEQ . ID NO. 5 (780): 5'- TGCACCAGGCCAGATGAGAGAACCA- 3 ' 
SEQ. ID NO. 6 (T7811) : 

5 ' - [AATTTAATACGACTCACTATAGGGAGA] AGTGACATAGCAGGAACTA- 3 ' 
SEQ . ID NO. 7 (872): 5 ' - AGATTTCTCCTACTGGGATAGGT - 3 ' 
SEQ. ID NO. 8 (T71062) : 

15 5 ' - [AATTTAATACGACTCACTATAGGGAGA] TTGGACGAGCAAGGTTTCTGTC - 3 ' 
where the bracketed sequence corresponds to the T7 promot- 
er sequence as described previously (Kacian et al . , 
supra ) . The promoter portion can be replaced with other 
functional promoter sequences as described above. The HIV 

20 sequences of T7811 and 872 are disclosed in McDonough et 
al . , supra. 

In this example, 872 was used at 3 0 pmol/reaction. 
The principal promoter-primer, T7811, and the outside 
primers, T71062 and 780, were present at the indicated 

25 concentrations. Otherwise, the reactions were handled as 
described under General Methods using 1 U of Bst DNA 
polymerase per reaction. 

All reactions contained 50 /zl KOH-hydrolyzed lysate 
as described in Example 4, and positive reactions received 

30 an average of 5 pUCHIV templates. Negative control 
results for each of these conditions (A - H) were 5682, 
6501, 5775, 4954, 5689, 5140, 5079, and 4805 RLU, respec- 
tively. 



WO 95/03430 



PCT/US94/08307 



34 



Table 6 



10 




15 



20 



This example shows the benefits of titrate 
primer independently Th « , titrating each 

-ll-r experiments are ^ilZT ■ F 1 ^ ^ «"« 
as discussed above that Z \ eXpeCtati °". 

, urth e r o Ptlni2ati ::L :::::: gUr^r 

tlon enhancement even more as she™ in tL 71 

next example. the data ln the 

BBM &E 8 : MTT TiTT PLEX MPr .rp T ^. TT -„ 

-sti:: t TaU:^ d rr to a ™ *- - — 

P"rs of p rim er sets each d^ • """"^ 2 « ~» 
region, are k „own in the art ^ 9 9 " P "" t « 

reactions for each ta „„ '■ 1S '"° St C ° mm ° n in suc h 

target regron to amplify less well thM 
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if each target region were amplified in separate reac- 
tions. Not only do both (or all) true-target amplicons 
compete with each other for amplification reaction compo- 
nents, but the potential for non- target initiation and 
5 competitive amplification should increase as (about) p p xp t/ 
where p p is the total concentration of all promoter-primers 
in the reaction and p t is the total concentration of all 
primers present (or ~p t 2 in a case such as routine PCR 
wherein all the primers are functionally equivalent for 
10 initiation) . 

These complications are a significant impediment to 
routine development of multiplex amplification systems 
with reliable detection sensitivity for very low template 
levels. Nevertheless, using the target -specific initia- 
ls tion enhancements described herein, we have been success- 
ful in identifying a multiplex reaction composition with 
high sensitivity for both poll and gagll targets. 

Table 7 summarizes the results of one such experi- 
ment. Condition A was a standard IM2 procedure in which 
20 each of the ten (10) replicate reactions received the poll 
inside primers (T74116 and 4195) and the gagll primers 
(T7811 and 872) but no\ outside primers. After amplifica- 
tion, 50 fxl of each reaction was removed and analyzed by 
hybridization using the poll probe. The remaining 50 /zl 
25 of each reaction was analyzed using the gagll probe. The 
results in the poll section of column A are arrayed in the 
same sample order as the gagll results, ( i.e. , 50 pi of 
sample #1 yielded 7,448 RLU when analyzed with the poll 
probe; the remaining 50 /xl gave 19,596 RLU when analyzed 
30 with the gagll probe.) 

Likewise, the RLU values in column C reflect analysis 
of half of each respective, reaction using the poll or 
gagll probes as shown. Condition C was the enhanced 
initiation procedure described under General Methods above 
35 except that eight oligonucleotide primers were present 
(780, T7811, 872, T71062, 4009, T74116, 4195 and T74312, 
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at 5, 30, 30, io, 3, 15, 30 and 3 pmol/reaction 

tively) . react ion, respec- 

Condition B was the enhanced initiation procedure 

cate reactions in » and D was hybridist 
using the full reaction volume. ^ybradxzatxon 

The reactions shown in Table 7 
average of 5 nrrruTv - , h recei ved an 

3 or 5 P UC HIV templates and 50 ul of iva a *.« 
10 as described in Example 4 Th . Prepared 
controls for t-h* I corresponding negative 

rois £or these conditions (A b r a # « 

were 2094, 2907, 2925 1799 2oA ' ^ 

1*25, 1799, 2014 and 2315, respectively. 



Table 7 



poll 



15 



6.M. : 



gagll 



G.M. 



Multiplex 
IM2 



7,448 
3,397 
3,314 
3,469 
3,314 
3,226 
3,136 
3,192 
3,185 
j- 51,392 

5,220 



19,596 
2,009 
17,717 
2,386 
2, 065 
211,008 
26, 975 
84,759 
69,965 
145,029 

21,018 



Separate 
Enhanced 

_B_ 

1,150,134 

1,201,876 

1,170,546 

1,160,177 

1,143,588 

1, 154,678 

1,153,301 

1,195,168 

1,178,318 

1,204,093 

1,170,994 



389, 763- 

327,397 

212,354 

318,371 

345,542 

280,156 

120,927 

323,234 

167,985 

162,030 

248,238 



Multiplex 
Enhanced 



1,078 
1,143 
1, 106 
112 
111 
140 
118 
3 

136 



1,122 



,254 
,278 
,627 
,210 
, 058 
,999 
,935 
,120 
,254 
,474 



621,254 



81, 091 
92,182 
110,175 
107, 628 
74,106 
78, 950 
173,221 
2,129 
76,044 
68, 690 



WO 95/03430 



PCT/US94/08307 



37 

It was apparent from the gagll results with the 
enhanced system that this target region amplified to a 
greater extent in a reaction comprising only gagll primers 
(D) than in a reaction comprising poll and gagll primers 
5 (C ) . Furthermore, it was apparent for both target 
regions, especially poll, that detection effectiveness was 
significantly greater in the enhanced multiplex system (C) 
than for the multiplex IM2 system (A) . Note that the 
superior initiation effectiveness of gagll (A' ) compared 

10 to poll (A) in standard IM2 is consistent with many 
previous results. 

Baseline signal levels (poll RLU=3120, gagll RLU= 
2129) were observed in the same enhanced multiplex samples 
(C,C) when analyzed by hybridization with each probe, 

15 indicating that there was no HIV DNA in these samples to 
be amplified. A single failure in 10 replicates is not 
unexpected at the 5 template input level based on the 
Poisson distribution (paO.065). Therefore, these results 
indicate that this multiplex system is able to detect 

20 single copies of two different target regions in the same 
reaction. 

Other embodiments are within the following claims. 
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SEQUENCE LISTING 



1) GENERAL INFORMATION: 

(i) APPLICANT: Thomas B. Ryder E l D 

Nanibushan Dattaguptf ^ ** BUlyard and 

(ID TITLE OF INVENTION: NUCLEIC ACID AMPLIFICATION 

Uii) NUMBER OF SEQUENCES: 8 

(iv) CORRESPONDENCE ADDRESS: 

(B) S?REE? SEE - 2*»*I*on 

"suite 3400 611 WSSt S±Xth 
C) CITY: Los Angeles 

D STATE: California 

(E) COUNTRY: U.S A 

(F) ZIP: 90017' 

(v) COMPUTER READABLE FORM: 

(A, MEDIUM TYPE : ,. 5 . Diskette , ^ ^ 

(D) S op™^ G SYS ™: cro ^ ? ^ r c- oos , ion) 

' (Version 
(vi) CURRENT APPLICATION DATA: 



(A) APPLICATION NUMBER • 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(vii) PRI0R APPLICATION DATA: 

■ (A) APPLICATION NUMBER- 
(B) FILING DATE: 

(A) APPLICATION NUMBER - 

(B) FILING DATE: 

(viii) ATTORNEY/AGENT INFORMATION: 

(B) REGISTRATION NUM^T*' ^ 
(CJ REFERENCE / DOCKET NUMBER: 

(ix) TELECOMMUNICATION INFORMATION: 
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(A) TELEPHONE: (213) 489-1600 

(B) TELEFAX: (213) 955-0440 

(C) TELEX: 67-3510 



(2) INFORMATION FOR SEQ ID NO: 1: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 

(B) TYPE: nucleic 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(iii) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

ATTCCCTACA ATCCCCAAAG TCAA 24 
2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 48 

(B) TYPE: nucleic 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(iii) SEQUENCE DESCRIPTION: SEQ ID NO: 2 

AATTTAATAC GACTCACTAT AGGGAGACAA ATGGCAGTAT TCATCCACA 3 9 

2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 23 

(B) TYPE: nucleic 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(iii) SEQUENCE DESCRIPTION: SEQ ID NO: 3 

GTTTGTATGT CTGTTGCTAT TAT 23 
2) INFORMATION FOR SEQ ID NO: 4: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 45 

(B) TYPE: nucleic 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



5 

25 



6 



33 



45 
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(iii) SEQUENCE DESCRIPTION : SEQ ID NO: a 

AATTTAATAC GACTCACTAT AGGGAGACCC TTCACCTTTC CAGAG 
2) INFORMATION FOR SEQ ID NO: 5. 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 25 

(B) TYPE: nucleic 
C STRANDEDNESS: single 

(D) TOPOLOGY: linear 

^ii) SEQUENCE DESCRIPTION: SEQ ID NO: 

TGCACCAGGC CAGATGAGAG AACCA 
2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 46 

(B) TYPE: nucleic acid 
C STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(iii) SEQUENCE DESCRIPTION: SEQ ID NO- 

AATTTAATAC GACTCACTAT AGGGAGAAGT GACATAGCAG GAACTA 
2) INFORMATION FOR SEQ ID NO: 7. 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 

(B) TYPE: nucleic acid 
C STRANDEDNESS: single 

■(D) TOPOLOGY: linear 

(iii) SEQUENCE DESCRIPTION: SEQ ID NO: 7 

AGATTTCTCC TACTGGGATA GGT 
2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 49 

(BJ TYPE: nucleic acid 

C STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(iii) SEQUENCE DESCRIPTION: SEQ ID NO- 8 

AATTTAATAC GACTCACTAT AGGGAGATTG GACCAGCAAG GTTTCTGTC 49 



46 
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Claims 

1. Method for amplification of a nucleic acid strand 
in a test sample, comprising the steps of: 

first contacting said nucleic acid strand from said 
5 test sample simultaneously with at least three oligonucle- 
otide primers, at least one primer being a promoter- 
primer, at least one said primer being complementary to 
said nucleic acid strand, and at least one other said 
primer being complementary to a strand complementary to 
10 said nucleic acid strand; and 

second contacting said nucleic acid strand and primers 
with one or more proteins having RNA-directed and/or DNA- 
directed DNA polymerase activities, an RNA polymerase 
activity and an RNAse H activity, under primer-extension 
15 conditions to allow amplification of said nucleic acid 
strand at constant temperature. 

2. The method of claim 1, wherein said nucleic acid 
strand is a DNA strand, and prior to said second contact- 
ing step said nucleic acid strand and primers are contact - 

20 ed at about 60 °C or above with an enzyme having DNA 
polymerase activity active at about 60°C or above. 

3. The method of claim 1, wherein said second 
contacting step is at about 42 °C or above in the presence 
of a reverse transcriptase. 

25 4. The method of claim 1 wherein said nucleic acid 

strand and said primers are heated to about 95°C or higher 
prior to said second contacting step. 

5. The method of any claims 1-4 wherein four primers 
are used in said first contacting step. 

30 6. The method of claim 1, wherein one said primer is 

provided at a concentration different from one other said 
primer . 
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»m '-A , ^ meth0d ° f Clalm " herein ° ne Primer is 

" " 3 —^ L °» '™ one ofher sail" 

priors. —Matron different from said other 

The method of claim l, wherein two sairf „,.• 
are p lus - sense prlmers ^ ^ J»° J* ^ 

a promoter-primer. Primer is 

10 10. The method of claim 1 wherein two said w - 

are minus _ sense primerg ^ ^ - ^ 1™ 

promoter-primer. Primer is a 

11. The method of claim 1 wherein all said ^ 
activities are provided by a reverse trans. ! ^ 

15 RNA polymerase. transcriptase and an 

12. The method of claim n wherein san -„ 

^"riiri;r" said DNA poirae 

14. The method of claim 13 wherein sa irt n™ , 

is derived from a DNA po ly merase, 1 I ^ ~ * ^ 
form posses«s<=Q <?» -a » ■■ natural 

possesses 5 -3' exonuclease activity. 

15. The method of claim 13 or ta u 

25 — - - « —I ; r o £ 14 ; 

16. The method of claim 15, wherein sairf 5 - 

s^™^ or a^i n ^^ cles 1S 



20 
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17 . The method of claim 1 wherein the two outside 
primers hybridize to said nucleic acid strand or its 
complement at most 2000 bases apart. 

18. The method of claim 1 wherein the two outside 
5 primers hybridize to said nucleic acid strand or its 

complement at most 500 bases apart. 

19. The method of claim 1 wherein the two outside 
primers hybridize to said nucleic acid strand or its 
complement at most 350 bases apart. 

10 20. The method of claim 6 wherein one said primer is 

provided at a concentration between 1 and 10 [iM and 
another said primer is provided at a concentration between 
10 and 50 /iM. 
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